Abstract This study offers experimental evidence for the existence of three pheromone races of the northern genitalic form of Phyllophaga anxia: one race in which females produce and males respond mainly to L-valine methyl ester, a second producing and responding to L-isoleucine methyl ester, and a third producing and responding to an intermediate range of blends of the two compounds. At Franklinville, NY, pheromone gland contents of females were analyzed using coupled gas chromatography-electroantennogram detection. Two types of females were found, one that produced greater than 99% L-valine methyl ester and another that produced greater than 99% Lisoleucine methyl ester. Capture-mark-release-recapture field tests with males at Franklinville established that most males were recaptured in traps baited with the same blends with which they were originally captured. The populations characterized at Franklinville, NY, have also been found at numerous locations from eastern Canada and the northeast and north central USA, sometimes in allopatry and sometimes in sympatry. At a site in Carver, MA, P. anxia males responded to blends of the methyl esters of L-valine and L-isoleucine, and Carver females produced blends similar to those to which the males responded. Populations responding to blends have been identified only from southeastern Massachusetts and Rhode Island. At a field site near Waterloo, NY, the addition of small proportions of L-isoleucine methyl ester to lures containing L-valine methyl ester did not affect trap captures, but higher proportions of L-isoleucine methyl ester were inhibitory, decreasing trap captures.
Introduction
In a multiyear North American study involving the capture and identification of approximately 57,000 individuals in 61 species of scarab beetles in the genus Phyllophaga, Robbins et al. (2006) documented the existence of geographic variation of male response of the northern genitalic form of Phyllophaga anxia to various blends of the two sex attractant components of this species. P. anxia is described as having two distinctive genitalic types, commonly called northern or southern (see Luginbill and Painter 1953 or Woodruff and Beck 1989 for photographs or scanning electron micrographs of the two forms). P. anxia is perhaps the most widely distributed (Luginbill and Painter 1953; Woodruff and Beck 1989) of the approximately 215 species (Evans and Smith 2007) of Phyllophaga in the USA and Canada. The larval stages of P. anxia are serious root-feeding pests of commercial cranberry crops in Massachusetts and Wisconsin (Franklin 1950; Dittl and Kummer 1997) .
In the study of Robbins et al. (2006) , traps were baited with various blends of the methyl esters of L-valine and Lisoleucine, the sex pheromone components of this species (Zhang et al. 1997) . Three types of P. anxia male responders were identified: males that were captured principally in the 100:0 or 90:10 L-valine methyl ester/L-isoleucine methyl ester baited traps, those that were captured in the 0:100 L-valine methyl ester/L-isoleucine methyl ester baited traps, and those that were captured in traps baited with blends (90:10, 80:20, 60:40, 40:60, 20:80, 10:90) of the two compounds (Fig. 1) . No morphological characters were found that delineated these populations (Robbins, personal observation) . Males captured with intermediate blends of L-valine methyl ester/L-isoleucine methyl ester were found only in populations from southeastern Massachusetts and Rhode Island, whereas the groups responding to predominantly L-valine methyl ester or L-isoleucine methyl ester alone were captured over a much greater area (Fig. 2) . In most locations, either the Lvaline methyl ester population or the L-isoleucine methyl ester population dominated the male flight response profile, but at several sites, both populations occurred in large numbers flying on the same dates, producing a bimodal trap response profile (e.g., Fig. 3 ).
To investigate these populations in greater detail, experiments were conducted at three sites. At the first site, near Franklinville, NY, sex pheromone glands from individual females were analyzed to determine whether the female pheromone production curve was also bimodal. Male capture-mark-release-recapture studies were also conducted at Franklinville to determine repeatability of male preference. At the second site, near Carver in southeastern Massachusetts, where males responded to the various blend combinations, the range of ratios of L-valine methyl ester/ L-isoleucine methyl ester produced by females was determined, to compare with the male response curves. The third site, Waterloo # 1 (Robbins et al. 2006) , near Geneva, NY, was used to test the role of L-isoleucine methyl ester as a minor component in an L-valine methyl ester-responding P. anxia population.
Methods and Materials
Franklinville, NY-Single Female Pheromone Gland Analysis Female P. anxia were captured with UV light traps at the Franklinville site in 2000 to determine whether the ratios of L-valine methyl ester/L-isoleucine methyl ester produced by females mirrored the bimodal nature of the male response profile recorded in 1999 (Fig. 3) . Five light traps were maintained at the site in 2000 from May 1 to June 30. Each day, insects captured in light traps were retrieved, and the sexes were separated. Females were stored individually in~30-ml plastic cups in a 3:1 mix of greenhouse sand and screened peat moss raised to approximately 12% moisture. Each cup was marked with the date and light trap identification number. Cups containing females were held in a home refrigerator for 2-3 d and then at 10°C for up to 4 d until gland contents were extracted for analysis. Pheromone glands were everted by applying gentle pressure to the abdomen and then excised with iris scissors. Excised glands were soaked individually for 20 min in 200 μl of dichloromethane, removed, and the extract concentrated under a nitrogen stream to approximately 20 μl. Samples were stored at −80°C until analysis.
Single-gland analysis of the Franklinville females was carried out by using a coupled gas chromatographelectroantennogram detector (GC-EAD). A Hewlett-Packard Captures for each lure blend are shown as a percentage of the total catch at that site 5890 series II gas chromatograph equipped with a nonpolar EC-1 Econo-Cap column (30 m×0.25 mm inner diameter [ID] , 0.25 μm film thickness; Alltech, Deerfield, IL) was used for the analyses. The carrier gas was N 2 at a head pressure of 138 kPa (flow rate, 2.0 ml/min). Injections were made in splitless mode (split valve opened at 1 min). The temperature program was 40°C for 5 min, then 15°C/min to 250°C, and held for 10 min. Injector, EAD outlet, and flame ionization detector (FID) temperatures were 250°C. The column effluent was combined with N 2 makeup gas (30 ml/min) and then split 1:1 to the FID and EAD.
An extra FID port of the GC was modified and used for the EAD outlet. The EAD transfer line was terminated in a humidified, filtered air stream, which was cooled by a modified condenser flushed with 0°C water. The air stream carried the column effluent over the beetle antennal preparation. See Robbins et al. (2003) for a photograph of the beetle antennal preparation. The output signal from the antenna was amplified by a customized single-step highinput impedance DC amplifier. The resulting signal was recorded on a HP 3390 A integrator synchronized with the GC integrator. These methods were adapted from Nojima et al. (2003a) and Zhang et al. (1997) .
Pheromone glands from 67 Franklinville females were extracted and analyzed by GC-EAD in 2000, using antennae from 11 different males. Preliminary work indicated no differences in antennal responses between the races when antennae from males of each of the two races were tested in the GC-EAD apparatus with 1 μl of a hexane solution containing 1 ng/μl of the methyl esters of L-valine and L-isoleucine.
Franklinville, NY-Male Capture-Mark-Release-Recapture Males of populations in Franklinville, NY, were studied from 2000 to 2002 using capture-mark-release-recapture methods to evaluate blend response specificity. Traps were deployed on May 1, before P. anxia flights began, and checked each day until flight activity ceased at the end of June. In 2000 and 2001, the blends of L-valine methyl ester/ L-isoleucine methyl ester were tested in the same ratios (100:0, 90:10, 80:20, 60:40, 40:60, 20:80, 10:90, and 0:100) and the same doses (4 mg per septum) as in the 1999 field test. A trap baited with a control septum treated with hexane was deployed in both years. A.C. Oehlschlager Robbins et al. 2006) were placed at the edge of a mature hardwood forest bordering a large field. Traps were hung on metal stakes~15 m apart such that the trap bottom was 30 cm from the ground. Traps were rerandomized each morning after collecting the beetles. In 2000 and 2001, male beetles were collected from each trap/blend combination and marked with a unique paint (Testor Corporation, Rockford, IL) code identifying the date captured and the blend to which the male responded. Marked individuals were distributed randomly among three release sites and allowed to burrow into the soil. The three release sites were 20 m from the trap line and equidistant from each other. Data from recaptured males were recorded, and males were frozen for later identification to species.
In 2002, eight traps were deployed at the same site, consisting of four traps baited with lures containing 4 mg of L-valine methyl ester and four containing 4 mg of Lisoleucine methyl ester. Positions of the L-valine methyl ester and L-isoleucine methyl ester traps were alternated within the trap line at initial placement. Beetles were collected, and trap positions were rotated each day during the flight period. Beetles captured were marked according to the compound to which they responded and released as in 2000 and 2001. Data from recaptured males were recorded, and males were frozen for later identification to species.
Carver, MA-Analysis of Female Pheromone Gland Contents Virgin females were dug from a cranberry bog in Carver, MA, in April of 2001 and 2002 before the beetle flight season. This was the same bog from which the individuals used to identify the P. anxia sex pheromone were acquired (Zhang et al. 1997 ). In the laboratory, females were housed in glass observation cages in a controlled environment room maintained at 25°C during the 16-hr photophase and 20°C during the 8-hr scotophase. Cages contained a 3:1 mix of greenhouse sand and screened peat moss raised to approximately 12% moisture in the bottom (approximately 10 cm deep) in which the females could burrow. A 6-mm mesh wire screening was available for the females to climb on and call from during scotophase. When females were observed calling (Leal et al. 1993; Nojima et al. 2003b ) during scotophase, they were removed from the cages, the glands were excised and extracted, and the extracts were stored as described previously. Samples were analyzed on a Shimadzu GC17A in splitless mode, equipped with a nonpolar EC-1 Econo-Cap column (30 m×0.25 mm ID, 0.25 μm film thickness; Alltech). Nitrogen was used as the carrier gas. During the 1-min time for splitless injection, the column head pressure was kept at 150 kPa (flow rate, 2.2 ml/min) and then decreased to 78 kPa after the split valve was opened (flow rate, 1 ml/min). The oven temperature was kept at 40°C for 2 min, then programmed at 15°C/min to 150°C (0 min) and then at 30°C/min to 250°C (8 min). Injector and detector temperatures were 200 and 260°C, respectively. A 1:1 mix of L-valine methyl ester and Lisoleucine methyl ester at a concentration of 10 ng/μl each in hexane was used to calibrate the instrument and determine retention times of the two compounds. Ratios of the two compounds were determined by manual integration of the electronically stored peaks. Individuals were then ranked in 5% increments by percent of L-valine methyl ester from 0 to 100%. For example, an individual with 14.8% L-valine methyl ester was placed in the 10% rank, whereas an individual with 16.3% L-valine methyl ester was placed in the 15% rank.
Waterloo, NY-Role of L-Isoleucine Methyl Ester as a Minor Component
The male flight response profile at Waterloo # 1 over several years (Robbins et al. 2006) indicated the presence of a large population that responded to lure blends containing a high percentage of L-valine methyl ester. This population provided an excellent site to test the effect on male capture of small amounts of L-isoleucine methyl ester added to the L-valine methyl ester. Traps were placed at the Waterloo no. 1 site, near Geneva, NY, on May 18, 2001 and removed on June 8, 2001. Treatments included L-valine methyl ester/L-isoleucine methyl ester blends of 100:0, 99.75:0.25, 99.5:0.5, 99:1, 97:3, 95:5, 90:10, and a solvent control-baited trap. Red rubber septa (5 mm Thomas Scientific, Swedesboro, NJ) were loaded with 4 mg each of the above blends by dissolving neat compounds in hexane, applying appropriate amounts to the septa, and allowing the hexane to evaporate in a fume hood. Three replications of the eight treatments were placed in three noncontiguous lines at the study site as described above. Traps were rerandomized each time they were checked, three times each week.
Statistics Data were tested for homogeneity of variance using Levene's test and log transformed (x+1) if necessary. Data were analyzed with a one-way analysis of variance, P<0.05. Fisher's least significant difference test was used for post-hoc comparisons.
Results

Franklinville, NY-Analysis of Pheromone Glands of Females
Of the 67 glands analyzed from females caught in light traps at the Franklinville site in 2000, 63 glands contained enough material for GC analysis. The pheromone blend ratios were partitioned into two groups: those with L-valine methyl ester/L-isoleucine methyl ester blends of approximately greater than 99:1 and those producing blends of approximately less than 1:99, yielding an unequivocal bimodal distribution (Fig. 4) . In examining the coupled GC-EAD traces, it was found that in every instance, female glands contained both esters, regardless of the group to which they had been assigned. However, the amount of the lesser compound was often too small to be detected by the GC. Nevertheless, the EAD provided evidence of the presence of trace amounts of these compounds (Fig. 5) .
Franklinville, NY-Capture-Mark-Release-Recapture of Males In capture-mark-release-recapture experiments of males, the rate of recapture for 2000 was 13.1% (39 of 297; Fig. 6a ) and for 2001 was 10.9% (32 of 293; Fig. 6b ). In both 2000 and 2001, males captured in traps baited with blends containing a high proportion of L-valine methyl ester were recaptured in traps baited with those blends. The shapes of the male recapture profiles are nearly identical to those of the capture profiles. In neither year were any males that were captured in the 100% L-isoleucine methyl esterbaited trap recaptured in that trap. In 2001, a single male captured using 100% L-isoleucine methyl ester returned to the 100% L-valine methyl ester-baited trap.
In 2002, the capture-mark-release-recapture field trial was redesigned. Because no males were recaptured in traps baited with the 100% L-isoleucine methyl ester in 2000 or 2001, we hypothesized that the sensitivity of the Lisoleucine methyl ester-responding population to the large amount of L-valine methyl ester emanating from the other blends present at the trapping site hindered their recapture in the single 100% L-isoleucine methyl ester-baited trap. The response curve of males from Franklinville in 1999 (Fig. 3) revealed that the population that responded to the high-percentage L-valine methyl ester blends was more tolerant of the presence of L-isoleucine methyl ester than was the L-isoleucine methyl ester-responding population to the presence of L-valine methyl ester. This phenomenon was also true for other P. anxia response profiles, whether or not both populations were present at a given site (Robbins et al. 2006) . Bearing these observations in mind, males used for capture-mark-release-recapture in 2002 were presented with only the two pure compounds, 100% L-valine methyl ester and 100% L-isoleucine methyl ester. The capture profile of males in 2002 (Fig. 6c) extracts had sufficient amounts of the two components to calculate blend ratios. Single-gland analyses of females from the Carver site yielded a histogram of L-valine methyl ester/L-isoleucine methyl ester ratios (Fig. 7 ) similar to the male response curve found there in 1999 (Fig. 1) as well as other years (Robbins et al. 2006) . No females from the Carver site produced blends of greater than 99:1 L-valine methyl ester/L-isoleucine methyl ester or less than 1:99, resembling those from Franklinville, NY. Of the 7,004 male P. anxia captured at Carver, MA, over 4 yr of trapping, only 33 were captured in the 100% L-valine methyl ester-baited traps and 22 in the 100% L-isoleucine methyl ester-baited traps. Thus, more than 99% of the males captured at Carver, MA, were captured using blends of the two compounds.
Waterloo, NY-Role of L-isoleucine Methyl Ester as a Minor
Component All baited traps captured significantly (F 7, 16 = 8.43; P<0.001) more males than the control (hexane only) (Fig. 8 ). There were no significant differences in numbers of males captured in traps baited with 0, 0.25, 0.5, 1.0, 3.0, and 5.0% L-isoleucine methyl ester (relative to the amount of L-valine methyl ester). The trap baited with 10% L-isoleucine methyl ester captured significantly fewer males than any of the traps baited with the other six blends with lower percentages of L-isoleucine methyl ester or no Lisoleucine methyl ester. Thus, we conclude that isoleucine did not function as a pheromone component at trace levels but rather was antagonistic at increasing doses.
Hand digging at Waterloo no. 1, NY, in April of 1999 yielded three virgin females. GC-EAD analysis of their pheromone gland contents showed a pattern identical to females from the Franklinville L-valine methyl ester group (Robbins, unpublished data) , with large amounts of L-valine methyl ester and only trace amounts of L-isoleucine methyl ester.
Discussion
Evidence for Pheromone Races in P. anxia The results from analysis of female pheromone gland contents and capturemark-release-recapture field tests with males offer experimental evidence for the existence of three pheromone races of the northern genitalic form of P. anxia: one in which females produce and males respond mainly to L-valine methyl ester, a second that employs L-isoleucine methyl ester, and a third that produces and responds to an intermediate range of blends of the two compounds. The variation in the sex pheromone system of P. anxia stands in direct contrast to the intraspecific uniformity of male pheromone response profiles found for 23 other Phyllophaga species captured at more than one geographical location (Robbins et al. 2006) .
At Franklinville, NY, pheromone gland contents of females were analyzed by using GC coupled with EAD. One fraction of the population produced greater than 99% L-valine methyl ester, whereas the other fraction produced greater than 99% L-isoleucine methyl ester. Capture-markrelease-recapture field tests of males at Franklinville established that most but not all males were recaptured in traps baited with the same ratios of compounds in which they were originally captured. In 2000 and 2001, the trap lures were 100: 0, 90:10, 80:20, 60:40, 40:60, 20:80, 10 :90, and 0:100 L-valine methyl ester/L-isoleucine methyl ester. The results from those trapping tests revealed that 94% of the males captured in the 100:0 and 90:10 combinations were recaptured in traps baited with those same mixtures. In 2002, traps were baited with L-valine methyl ester or Lisoleucine methyl ester alone. In that test, of the males recaptured, 99.5% captured initially in traps baited with 100% L-valine methyl ester were recaptured in traps baited with the same source, whereas 100% captured in traps baited with 100% L-isoleucine methyl ester were recaptured in traps baited with 100% L-isoleucine methyl ester. Thus, the two P. anxia populations found at Franklinville, NY, are sympatric and synchronic, although it is unknown if they have different diel activity cycles.
Pheromone response curves of males resembling those of the two P. anxia pheromone races found at Franklinville, NY, are distributed from eastern Canada and the northeast USA to the north central USA (Fig. 2) , sometimes in allopatry and sometimes in sympatry. Populations responding to blends have been found only in southeastern Massachusetts and Rhode Island. The blend responders appear as two groups. The first group, represented by a male capture profile generated from the Carver site (Fig. 9) , was found at three locations (see the Carver, MA, and Plympton, MA, sites in Robbins et al. 2006) at which the overwhelming majority of males were captured in traps baited with blends of L-valine methyl ester/L-isoleucine methyl ester. Female P. anxia at Carver, MA, were found to produce blends of L-valine methyl ester/L-isoleucine methyl ester that ranged from 16:84 to 79:21 (Fig. 7) . The male response profiles generated from capture data at the Carver site (Fig. 9 ) overlapped female production profiles by about 10% at each end, suggesting that the male response window was wider than the range of blends produced by the Carver females. In 4 yr of field testing at Carver, MA, and 1 yr each at Plympton no. 1, MA, and no. 2, MA, a total of 7,717 male P. anxia were captured. Of this total, only 53 (0.7%) were captured in traps baited with L-valine methyl ester alone, and 24 (0.3%) were captured in traps baited with L-isoleucine methyl ester alone. The second group responding to blends is represented by male capture profiles generated from 2 yr of field testing at Lakeville, MA, and Kingston, RI (Fig. 9) . Although the majority of males at these sites were captured in traps baited with blends of L-valine methyl ester/L-isoleucine methyl ester, male capture curves were shifted to the L-valine methyl ester end of the blends presented, relative to those noted at Carver, MA. At the Carver and Plympton sites, an average of 0.7% of the males were captured in traps baited with 100% L-valine methyl ester, but in Lakeville, MA, and Kingston, RI, an average of 15.5% of the males were captured in traps baited with 100% L-valine methyl ester.
Intraspecific Variation in Insect Sex Pheromone Systems Sex pheromone variation is well documented in numerous insect species (Löfstedt 1990; Phelan 1997) , particularly those in the order Lepidoptera. The turnip moth, Agrotis segetum, is widely distributed throughout Europe, the near East, and Africa. Various ratios of (Z)-5-decenyl acetate, (Z)-7-dodecenyl acetate, and (Z)-9-tetradecenyl acetate were required to attract males throughout Eurasia and North Africa, whereas in sub-Saharan Africa, (Z)-5-decenyl acetate alone attracted males (Arn et al. 1983; Löfstedt et al. 1986; Tóth et al. 1992; Wu et al. 1999) . The larch budmoth, Zeiraphera diniana, consists of two host races that feed on larch and Cembran pine in the European Alps. The host races exist in both allopatry and sympatry, with each race producing and responding to its own pheromone. Cembran pine populations of Z. diniana utilize (E)-9-dodecenyl acetate as their pheromone, whereas the larch populations utilize (E)-11-tetradecenyl acetate (Baltensweiler et al. 1978; Baltensweiler and Priesner 1988) . In contrast, analyses of populations of the pink bollworm moth, Pectinophora gossypiella, sampled in several areas of the world (Haynes and Baker 1988) , and the cabbage looper moth, Trichoplusia ni, sampled across the USA (Haynes and Hunt 1990) , demonstrated little variation in female produced pheromone blends.
The first case of intraspecific geographical variation in sex pheromone response was demonstrated in the Coleoptera. Lanier et al. (1972) utilized pine bolts infested with male pine engraver (Ips pini) from California, Idaho, and New York to perform reciprocal field tests at each of the three locations. In New York, beetles responded much more strongly to the infested bolts from New York than to either the infested bolts from California or Idaho. In both California and Idaho, the local populations preferred infested bolts from Idaho over bolts from California. In California, the local population showed only a small response to the New York bolts. Lanier et al. (1980) quantified ratios of (+)-and (−)-ipsdienol from I. pini males from Idaho and New York and field tested the two compounds in both locations. They concluded that the differences in production of and response to the enantiomers of ipsdienol in the populations at each of the locations explained their earlier work with infested bolts. Later, Miller et al. (1989) demonstrated that both chirality and quantity of the enantiomers of ipsdienol varied both between and within populations, even populations as close in proximity as southwestern and southeastern British Columbia.
The sex pheromone variation observed in P. anxia resembles none of the examples described above but rather is reminiscent of the patterns seen in the European corn borer, Ostrinia nubilalis. In O. nubilalis, two pheromone races use blends of (E)-11-tetradecenyl acetate and (Z)-11-tetradecenyl acetate. The E race produces a 99:1 blend of E/Z isomers, whereas the Z race produces a 3:97 blend of E/Z isomers. In the field, these races occasionally mate, and hybrids are produced. Hybrid females produce intermediate blend ratios of approximately 35:65 Z/E (Roelofs et al. 1985; Glover et al. 1991) , and hybrid male moths preferentially fly to blends of the E/Z isomers in the flight tunnel, although more hybrid males of either E×Z or Z×E crosses fly to the Z blend alone than to the E blend alone. Despite of the fact that natural hybridization between the E and Z pheromone races is well documented in the field, an in-depth genetic analysis of sex pheromone production and perception in this species predicts that no self-sustaining population of hybrids can exist (Roelofs et al. 1987) . Therefore, the origin of the stable blend-responding populations of P. anxia is intriguing.
In O. nubilalis, the differences in the blend ratios of (E) and (Z)-11-tetradecenyl acetate are due to a single change in the activity of the reductase enzyme that determines the final blend ratio in pheromone production (Linn and Roelofs 1995) . Roelofs et al. (1987) speculated that a few simple genetic substitutions could result in the E strain evolving from the Z strain. However, changes in the sex pheromone production system would have to evolve by a different mechanism in P. anxia because the raw materials are not synthesized de novo. L-Valine and L-isoleucine are essential amino acids (Chapman 1982) and must either be sequestered during larval feeding or produced by bacterial endosymbionts. Our results from Franklinville showed that both amino acid methyl esters were present in the female pheromone glands of females, one in large amounts and the other in very small amounts, whereas at Carver, the compounds were present in the pheromone glands of females in intermediate blends. Therefore, the titers of the amino acids before esterification or the formation of the methyl esters themselves must be regulated in some manner in all the pheromone races. If bacteria are involved in production of sex pheromones in P. anxia, as they are in Costelytra zealandica, another melolonthine scarab beetle (Henzell and Lowe 1970; Hoyt and Osborne 1971) , their identification and coevolution with the many Phyllophaga species will be of interest.
Genitalic Morphology and Pheromone Races in P. anxia Although this study was undertaken to examine the sex pheromone variation encountered in the northern genitalic form of P. anxia, this discussion would not be complete without including mention of the southern genitalic form. Luginbill and Painter (1953) note that P. anxia, the most widely distributed Phyllophaga species in North America, is a variable species in both size and genitalic characters. In an examination of P. anxia from collections at Rutgers University, the University of Kentucky, and the University of Alabama, Robbins found both distinctly northern and southern forms of genitalia from each of the three states, as well as genitalic forms that can be regarded as intermediates (Robbins, unpublished data) . Luginbill and Painter (1953) also record the presence of intermediate forms. The southern form has been captured only in traps baited with 100% L-isoleucine methyl ester (Robbins et al. 2006) . Although little is known about close range courtship and mating behaviors in Phyllophaga, there is nothing that precludes a male of the southern genitalic form flying upwind to a female of the northern genitalic form producing L-isoleucine methyl ester or vice versa. Successful matings between northern and southern forms may explain the existence of intermediate genitalic phenotypes.
